Mafic to ultramafic intrusions of the Qullinaaraaluk suite (Q-suite) were emplaced into the Ungava craton of the Northeastern Superior Province during an episode of intense igneous activity and crustal reworking from c. 2Á74 to 2Á70 Ga. Orthopyroxene-rich Q-suite intrusions from the Hudson Bay Terrane and southwestern Rivie' re Arnaud Terrane, and orthopyroxene-poor Q-suite intrusions from the north^central Rivie' re Arnaud Terrane indicate the existence of at least two Q-suite magma types: a subalkaline magma parental to the orthopyroxene-rich intrusions and a transitional magma parental to the orthopyroxene-poor intrusions. Both types of intrusions are characterized by light rare earth element (LREE)-enriched, high field strength element (HFSE)-depleted trace element profiles that reflect, in large part, contamination by the tonalite^trondhjemite^granodiorite-dominated crust. Near-chondritic to strongly sub-chondritic initial e Nd (2Á72 Ga) values (þ2 to^10) of the Q-suite intrusions reflect the combined effects of both the amount of crustal contamination and the agedependent isotopic composition of the contaminant. The inferred trace element profiles of the uncontaminated Q-suite magmas were probably flat to LREE-depleted. The transitional magmas that produced the least evolved dunitic cumulates of the Q-suite were ferropicrites (MgO $14 wt %, FeO TOT $17 wt %). In contrast, the magmas parental to the primitive Q-suite harzburgites were Fe-rich, high-Mg basalts (MgO $11wt %; FeO $14 wt %). The high Fe contents of the Q-suite magmas are incompatible with derivation from a pyrolitic mantle [Mg-number $0Á90, Mg/ (Mg þ Fe TOT )] and require sources significantly enriched in iron (Mg-number 0Á79). Both magma types are also characterized by relatively low Ni contents suggesting derivation from source regions depleted in Ni relative to pyrolitic mantle peridotite. Differences in the major element compositions of the subalkaline and transitional parental magmas may reflect compositional diversity among the Fe-rich mantle sources. Comparisons with melting experiments on compositions analogous to the Martian mantle suggest that the Q-suite magmas may rather be generated by different degrees of melting of a common source with an Fe content slightly lower than that of the Homestead L5 ordinary chondrite (Mg-number ¼ 0Á77). The Fe-rich picritic to high-Mg basaltic magmas last equilibrated with garnet-free harzburgitic to lherzolitic residues at upper mantle pressures ( 5 GPa). The craton-wide occurrence of c. 2Á72^2Á70 Ga Q-suite mafic to ultramafic plutons suggests that underplating by Fe-rich mantle melts may have had a key role in the c. 2Á74^2Á70 Ga cratonization of the Northeastern Superior Province.
I N T RO D UC T I O N
Numerous greenstone belts and intracratonic volcanic and plutonic rocks were emplaced during a globally widespread episode of mafic igneous activity c. 2Á78^2Á63 Ga (Armstrong et al., 1991; Arndt et al., 1991; Polat, 2009; Duuring et al., 2012; Wall et al., 2012) . The timing of this activity was synchronous with the worldwide crystallization of large volumes of granitic (sensu lato) crust (Condie et al., 2009 (Condie et al., , 2011 Van Kranendonk et al., 2012) . The Ungava craton of northeastern Canada, also known as the Minto Block (Card, 1990; Stern et al., 1994; Be¤ dard, 2003) or the Northeastern Superior Province, underwent a major episode of igneous activity and crustal reworking during this period (c. 2Á74^2Á70 Ga; Percival et al., 1992; Boily et al., 2009; Maurice et al., 2009; Percival et al., 2012) . At this time, the proto-cratonic crust, largely composed of tonalite^trondhjemite^granodiorite (TTG) plutonic suites, underwent large-scale melting giving rise to voluminous granite^granodiorite^monzogranite (GGM) and pyroxene-bearing intermediate to felsic plutonic rocks. The reworking of the Ungava craton coincided with the widespread emplacement of small mafic^ultramafic intrusions, locally termed the Qullinaaraaluk, Chateguay, and Couture suites (Boily & Maurice, 2008; Simard, 2008) , and herein collectively referred to as the Q-suite. This temporal relationship, combined with evidence that the intermediate SiO 2 (50^65 wt %) pyroxene-granitoids of the Ungava craton were formed by simultaneous fractional crystallization and assimilation of TTG crust by the Q-suite magmas (Milidragovic & Francis, 2014) , suggests a link between the cratonization of Ungava and regional crustal underplating by mantle melts.
We present geochemical and isotopic data for Q-suite mafic to ultramafic intrusions from widely spaced localities across the Ungava craton ( Fig. 1 ) to constrain the nature of their parental magmas and mantle sources. Our results indicate that regional crustal underplating by Fe-rich picritic to high-Mg basaltic magmas was the terminal event associated with the reworking and cratonization of Northeastern Superior Province c. 2Á7 Ga.
G E O L O G I C A L S E T T I N G
The Ungava craton is a 600 km Â 500 km domain of the Canadian Shield that is characterized by a strong NNW^SSE structural grain (Percival et al., 2001; Leclair, 2008) . It is dominated by Neoarchean plutonic rocks and interleaved complexes of high-grade metavolcanic and metasedimentary rocks (Leclair, 2008; Maurice et al., 2009) all built on an older Meso-to Eoarchean basement (Boily et al., 2009 ) with an inferred Hadean component (O'Neil et al., 2008) that is seldom preserved. The Neoarchean intrusive rocks of the Ungava craton comprise older (!2Á75 Ga), relatively sodic TTG suites [K/ (K þ Na) $0Á2] and younger ( 2Á75 Ga), high-K GGM [K/(K þ Na) $0Á4] and low-K [K/(K þ Na) ¼ 0Á2] pyroxene-granitoid suites (Percival & Mortensen, 2002; Be¤ dard, 2003) , along with numerous, small, coeval mafic to ultramafic bodies (Simard, 2008; Milidragovic & Francis, 2014) , herein collectively referred to as the Q-suite. Geobarometric data from felsic plutonic rocks indicate equilibration at mid-crustal levels (4^6Á5 kbar), with a relatively uniform depth of erosion across most of the Ungava craton (Percival et al., 1992; Percival & Mortensen, 2002; Be¤ dard, 2003) . Neodymium isotopic data indicate that the Ungava craton consists of two discrete terranes ( Fig. 1 ; Boily et al., 2009) . The Rivie' re Arnaud terrane, in the NE of the Ungava craton, is characterized by relatively juvenile Nd isotopic compositions [e Nd (t) ¼^0Á7 to þ2Á3], in contrast to the isotopically more enriched Hudson Bay terrane [e Nd (t) ¼^5Á0 to þ0Á5] to the SW.
A compilation of zircon U^Pb crystallization ages from the Ungava craton (n ¼185; Maurice et al., 2009) shows a strong mode centered at $2Á72 Ga that is defined by the majority of the GGM and pyroxene-granitoid crystallization ages. Early tectonic models for the Ungava craton involved a number of simultaneously active subduction zones to explain the craton-wide abundance of 2Á742 Á70 Ga zircon ages and the NNW^SSE structural grain of the craton (Stern et al., 1994; Percival et al., 2001; Percival & Mortensen, 2002) . The abundance of inherited zircons (42Á75 Ga; Percival et al., 1992; Stern et al., 1994; Maurice et al., 2009) , coupled with the existence of isotopically (Boily et al., 2009 ) and seismically distinct (Faure et al., 2008) terranes that transgress the proposed arcs, however, argues against a plate-tectonic accretionary model for the Ungava craton. More recent tectonic models favor an earlier assembly of the Rivie' re Arnaud and Hudson Bay terranes (c. 2Á76^2Á74 Ga), with subsequent large-scale melting ) synchronous with the emplacement of the mafic^ultramafic plutons of the c. 2Á722
Á70 Ga Q-suite (Milidragovic & Francis, 2014) . Recent studies of the greenstone belts scattered across the Ungava craton have concluded that mafic volcanism occurred in seven distinct pulses at intervals of 20^40 Myr between 2Á88 and 2Á72 Ga . The volcanic rocks that form the greenstone belts can be assigned to one of three geochemical suites: (1) a Mg-tholeiite suite with minor associated komatiites (42Á78 Ga; Maurice et al., 2003) ; (2) an Fe-tholeiite suite characterized by elevated Fe and Ti contents; (3) a light rare earth element (LREE)-enriched suite. The recognition that isolated Fe-rich tholeiites once formed a laterally continuous c. 2Á78 Ga cover sequence provides the strongest argument against a c. 2Á74^2Á70 Ga arc assembly of the Ungava craton. The two tholeiitic suites are characterized by positive initial e Nd values (þ1 to þ3Á8), relatively unfractionated REE patterns and an absence of negative Nb^Ta anomalies. and Rivie' re Arnaud (T DM ¼ 2Á8^3Á0 Ga) terranes are after Boily et al. (2009) . The numbered rectangles refer to study areas discussed in the text. Locations of U^Pb dating sites (Simard, 2008; Milidragovic & Francis, 2014) are indicated.
In contrast, the younger LREE-enriched suite has a 'calc-alkaline' trace element signature, with negative high field strength element (HFSE) anomalies and initial e Nd values that decrease with time (þ3Á1 to þ0Á5). The 'calcalkaline' character of this LREE-enriched suite was interpreted to reflect the coupled fractional crystallization and crustal contamination of tholeiitic magmas in shallow to mid-crustal chambers (Maurice et al., 2003) . Furthermore, Maurice et al. (2009) observed an increase in the frequency of emplacement of LREE-enriched volcanic rocks with decreasing age and attributed the secular decrease in initial e Nd values at $2Á75 Ga to the combined effects of increasing crustal contamination and a change from a TTG-to a GGM-dominated contaminant.
A NA LY T I C A L M E T H O D S
Concentrations of major elements, Ba, Co, Cr, Ni, and V in Q-suite samples were determined by X-ray fluorescence (XRF) on fused 32 mm diameter lithium borate beads at McGill University Geochemical Laboratories using a Philips PW2440 4 kW automated spectrometer system. Niobium, Pb, Sc, Rb, Sr, Y, and Zr were analyzed in most samples by XRF on 40 mm diameter pressed powder pellets, with the exception of the peridotite samples where the trace element abundances approach the detection limits of the XRF technique. The reported Nb, Zr, and Y concentrations for peridotite samples were measured by inductively coupled plasma mass spectrometry (ICP-MS) at Activation Laboratories. Uncertainty in SiO 2 (wt %) determinations, based on duplicate analyses of four samples over 4 years, is better than 0Á6 wt % absolute. The uncertainty in major element measurements at a 95% confidence level is $6% relative when the concentration exceeds the element's quantification limit (defined as 3Á3 Â detection limit). The relative errors associated with XRF determinations of trace element concentrations are 510% for Cr and Ni, and 10^20% for incompatible elements.
Concentrations of REE, Hf, Ta, U, and Th were analyzed at Activation Laboratories by ICP-MS using a Perkin Elmer SCIEX ELAN 6000 system and lithium metaborate^tetraborate fusion technique. Selected samples were dissolved according to the method described by Pretorius et al. (2006) and reanalyzed at the University of British Columbia's Pacific Institutes for Isotopic and Geochemical Research (PCIGR) using a high-resolution (HR)-ICP-MS Thermo Finnigan ELEMENT2 instrument. Details of the method have been published by Carpentier et al. (2013) . Duplicate and replicate analyses of USGS rock standards (BHVO-2 and BCR-2), performed at PCIGR, agree within 5% (2SD) for REE and HFSE. However, owing to their low trace element levels, the relative uncertainty in most determinations of Q-suite samples is 5% (2SD). Analyses performed at Activation
Laboratories agree with the results obtained at PCIGR ( 20%), based on the comparison of 13 samples analyzed at both laboratories. The relative discrepancy in Lu ($30%), Ta and Th ($40%), and Hf (50%) measurements is larger owing to the low (near-detection limit) abundance of these elements in many of the Q-suite samples. Mineral compositions were analyzed on a JEOL 8900 instrument at the McGill Electron Microprobe Microanalytical Facility using a 20Á0 kV accelerating voltage, 2Á5 nA beam current and 5 mm beam diameter. Errors on single oxide measurements are 1% relative (2SD).
Felsic samples selected for Nd and Hf isotopic analyses were dissolved using a high-pressure digestion technique , whereas mafic samples were dissolved on a hotplate using the method described by Weis et al. (2006) . Following dissolution, the Nd and Hf fractions were separated using ion exchange columns described by Weis et al. (2006 Weis et al. ( , 2007 Chauvel & Blichert-Toft, 2001 ) and JMC475 (0Á282160; Vervoort & Blichert-Toft, 1999 ) standards, respectively. Analyses of USGS standard materials BHVO-2, G-2, and blank, duplicate, and replicate solutions were performed to ensure data quality (Weis et al., , 2007 Nobre Silva et al., 2013 
T H E N E OA RC H E A N Q -S U I T E I N T RU S I O N S
The Qullinaaraaluk suite (Q-suite, sensu lato; Milidragovic & Francis, 2014) intrusions are a volumetrically minor, but regionally widespread component of the Ungava craton (Simard, 2008) . These mafic to ultramafic intrusions are characteristically brecciated by late felsic dykes and veins, and have been previously assigned to the Qullinaaraaluk (sensu stricto), Couture, and Cha" teauguay suites (Simard, 2008) , primarily based on their geographical location. The intrusions were emplaced c. 2Á72^2Á70 Ga, as suggested by direct U^Pb zircon dating of Qullinaaraaluk suite (sensu stricto) gabbronorites (2707 AE1, 2705 AE1, 2718Á9 AE 0Á7 and 2710Á0 AE 0Á5 Ma; Simard, 2008; Milidragovic & Francis, 2014) and the age of one cross-cutting pegmatite (2720 AE 2 Ma; Simard, 2008) . In addition, a gabbronorite situated in the Complexe de Troie in the easternmost Ungava craton has a U^Pb zircon crystallization age of 2722 AE 3 Ma (Madore et al., 1999; Simard, 2008) that is indistinguishable from the Q-suite ages from the western Ungava craton. A similar time of emplacement (c. 2Á742 Á71Ga) is inferred for the rocks of the Cha" teauguay suite, based on field relationships (Simard, 2008) .
Although no absolute ages for the Couture suite of the north^central Ungava craton exist, field relationships suggest that the non-foliated mafic^ultramafic intrusions postdate the foliated tonalitic gneisses of the Suite de Rochefort (2789^2755 Ma) and are pre-to co-magmatic with the massive granites of the Suite de La Chevrotie' re (2734^2719 Ma; Simard, 2008) . Based on these age constraints and their unusual Fe-rich character, the intrusions of the Couture suite are considered to be part of the intrusive Q-suite.
Petrology and geochemistry of the Q-suite intrusions
We studied Q-suite intrusions in three localities across the Ungava craton (Fig. 1) . The first two (localities 1 and 2 in Fig. 1 ) belong to the Qullinaaraaluk suite (sensu stricto) and are located within the Tikkerutuk domain (Simard, 2008) of the Hudson Bay Terrane, $45 km SE and 120 km east of the town of Inukjuak, respectively. The rocks of the third locality (Fig. 1, locality 3) were previously assigned to the Couture suite, and are located within the Qalluviartuuq domain of the Rivie' re Arnaud Terrane, near Lac Couture. We also examined samples from the Qullinaaraaluk suite (sensu stricto) type-locality (Labbe¤ et al., 2001; Baker, 2005;  Fig. 1 , locality 4), located in the southern Lac Minto domain of the Rivie' re Arnaud Terrane. Three samples assigned to the Qullinaaraaluk suite (sensu stricto) collected within the central Lac Minto domain, just east of the inferred boundary with the Hudson Bay Terrane (Boily et al., 2009; Fig. 1, locality 5) , are also included in this study.
The Q-suite plutons are small (5 10 km 2 ), irregularly zoned bodies with forms ranging from dish-shaped sills to dikes to discontinuous 'boudins' that follow the local tectonic fabric. The intrusions are composed of cumulate rocks comprising a range of lithologies from olivinedominated dunite and peridotite, through pyroxenedominated websterite and wehrlite, to feldspar-rich gabbronorite and hornblendite. Two of the mapped intrusions are flanked by intermediate SiO 2 (50^65 wt %), pyroxene-bearing plutonic rocks that are interpreted to be hybrids formed by simultaneous fractional crystallization and extensive assimilation of TTG crust by the Q-suite parental magmas (Milidragovic & Francis, 2014) . Overall, the intrusions are remarkably fresh, retaining much of the primary igneous mineralogy and textures. Despite incipient serpentinization, the peridotite cores commonly contain relict olivine crystals. The ultramafic lithologies of the Q-suite are commonly brecciated by decimeter-scale, pegmatitic felsic veins and dikes. The Q-suite plutons in the north^central Rivie' re Arnaud Terrane ( Fig. 1; locality 3) have, in addition, experienced late, ductile deformation following the brecciation, which has disaggregated and transposed the breccia veins and created structurally complex, heterogeneous domains. The primary igneous mineralogy of the domains that have experienced ductile deformation is commonly obliterated, resulting in lithologies dominated by amphibole and variable amounts of feldspar.
The Q-suite intrusions of the Hudson Bay Terrane and the southwestern Rivie' re Arnaud Terrane (Fig 1; localities 1, 2, 4 and 5) contain ubiquitous cumulate orthopyroxene and are strongly orthopyroxene-normative, whereas the Q-suite plutons from the Lac Couture region ( Fig. 1 ; locality 3) of the Rivie' re Arnaud Terrane lack cumulate orthopyroxene and straddle the plane of critical silicaundersaturation (Fig. 2b) . These two types of Q-suite intrusions are described separately, as their mineralogy indicates that they represent fundamentally different magma types.
Subalkaline Q-suite plutons
The orthopyroxene-rich Q-suite intrusions range from peridotite through websterite to gabbronorite. Although the CIPW normative compositions of peridotites and websterites show significant scatter, they all plot on the orthopyroxene side of the clinopyroxene^feldspar join in the clinopyroxene^feldspathoid^feldspar^quartz þ orthopyroxene ternary diagram (Fig. 2a) , indicating derivation from subalkaline magmas. Peridotites are relatively rare, occurring as mesocumulate cores in zoned Q-suite bodies. The most magnesian [MgO !36 wt %, loss on ignition (LOI)-free] peridotites are harzburgites characterized by a complete absence of clinopyroxene and correspondingly low CaO concentrations (52 wt %). They consist of centimeter-sized magnesiohastingsite oikocrysts that enclose partially serpentinized olivine grains and macrocrysts of orthopyroxene with olivine inclusions (Fig. 3a) . Euhedral to subhedral clinopyroxene is present in the less magnesian peridotites and more evolved cumulate rocks of the subalkaline Q-suite intrusions. The clinopyroxene often contains cleavage-parallel exsolution of Cr-rich spinel and magnetite as well as irregularly shaped amphibole, all interpreted to be features of subsolidus equilibration ( Fig. 3b  and c) . Orthopyroxene is generally unaltered and only rarely shows thin lamellae of exsolved oxides or amphibole replacement.
The peridotites have high MgO (26^36 wt %) and FeO TOT (9Á9^15Á5 wt %) contents (Table 1 ; Fig. 4a ) that reflect their olivine-dominated primary mineralogy. The range in Al 2 O 3 (2Á3^4Á6 wt %), Ni (680^1680 ppm), and Cr (430^2260 ppm) reflects variable modal proportions of olivine, orthopyroxene and clinopyroxene versus interstitial amphibole. Low sulfur abundances (S50Á15 wt %) and the absence of primary oxides indicate that the relatively low whole-rock Mg-numbers [Mg/(Mg þ Fe TOT ) 0Á75^0Á82] do not reflect significant accumulation of Ferich sulfides or chromite. The subalkaline peridotites contain relict olivine cores ( Table 2 ) that show a relatively small compositional variation (Fo 0Á80^0Á82 ; Ni¼12201 550 ppm). The CaO contents of all analyzed olivines were below the detection limit (0Á01wt %). One small ($50 m) body of fresh Ni-rich dunite containing highly magnesian olivine (Fo ¼ 91Á3 AE 0Á02; Ni ¼ 3420 AE 330 ppm) is situated within a few meters of the Gladel River Q-suite intrusion (locality 1 in Fig. 1 ; Milidragovic & Francis, 2014) . This small body is entirely enclosed by granite and differs from the majority of the Q-suite peridotites.
Websterite is the predominant ultramafic lithology of the subalkaline Q-suite intrusions. When present, olivine is irregularly shaped and embayed, and typically armored by orthopyroxene. The Ni abundances (600^2950 ppm) of these olivine grains commonly exceed those of olivines in the peridotites (Fig. 5) . Orthopyroxene is relatively homogeneous within single websterite samples and displays slightly elevated Mg-numbers relative to coexisting olivine, consistent with olivine^orthopyroxene Fe^Mg partitioning experiments (Beattie, 1993; Von Seckendorff & O'Neill, 1993) . In contrast, clinopyroxene within single websterite samples has variable compositions with high Mg-numbers that are out of equilibrium with the coexisting olivine and orthopyroxene (Putirka, 2008) . Notably, clinopyroxene displays ubiquitous subsolidus exsolution of Fe-and Cr-rich spinel (Fig. 3c) . Magnesiohornblende, sometimes accompanied by biotite, is a volumetrically important phase in the websterites, occurring as large oikocrysts and forming irregular-shaped grains within clinopyroxene crystals (Fig. 3d) . Accessory plagioclase is sometimes present as an interstitial phase in the websterite and is characterized by cuspate boundaries in contact with interstitial amphibole.
Hornblende-rich gabbroic rocks are found in all Q-suite intrusions. Hornblende replaces euhedral clinopyroxene grains and forms large oikocrysts that enclose both pyroxene and plagioclase. In some samples, nearly all of the pyroxene has been replaced by amphibole, and plagioclase has been strongly saussuritized. The most magnesian gabbronorites contain substantial orthopyroxene ( 32 normative wt %), the abundance of which decreases with increasing FeO TOT and TiO 2 . The evolved gabbronorites typically contain significant amounts of magnetite þ ilmenite (!3 normative wt %; calculated assuming Fe 2 O 3 ¼ TiO 2 þ1Á5; see Irvine & Baragar, 1971 ) and apatite (0Á5^1 normative wt %).
Primitive mantle (PM; Palme & O'Neill,2003) normalized trace element patterns of subalkaline Q-suite samples (Fig.  6a ) are characterized by relatively unfractionated heavy REE (HREE), moderately to strongly fractionated LREE/ middle REE (MREE), and strong relative depletions in Nb, Ta and Ti, all features characteristic of Phanerozoic 'calc-alkaline' magmatic arcs (Pearce & Peate, 1995) . In addition, the Zr and Hf concentrations of the subalkaline Q-suite samples are depleted relative to REE of similar compatibility. The orthopyroxene-rich peridotites have the lowest trace element abundances, which increase with the modal abundance of clinopyroxene and interstitial trapped liquid component.The Q-suite websterites contain higher absolute trace element abundances than the peridotites and are slightly more LREE-enriched, but display similar relative depletions in HFSE. The gabbronorites contain the highest absolute trace element abundances and have similar LREE/ MREE ratios to those of websterites, but show no systematic Eu anomalies.
The subalkaline Q-suite intrusions of the Ungava craton exhibit the following crystallization sequence: olivine þ Cr-spinel, orthopyroxene, clinopyroxene, amphibole, plagioclase, ulvo« spinel, and apatite. The magma parental to the earliest-crystallized Q-suite cumulates was saturated in olivine, Cr-spinel and orthopyroxene. The composition of olivine in the most primitive harzburgite cumulates suggests that the parental magma had a lower Mg-number (!0Á59) than most modern-day mantle-derived magmas (0Á65^0Á75). With the exception of a few websteritic samples affected by significant peritectic replacement of olivine by orthopyroxene, the Ni concentrations in olivine are positively correlated with Fo content (Fig. 5) and define a trendthat is consistent withthe combined effects of fractional crystallization of olivine and trapped liquid shift (Barnes, 1986) . Fractional crystallization from an MgO-rich magma cannot, however, explain the large difference in the Mgnumber (8 mol %) and Ni contents ($2000 ppm) between the olivine of the most primitive Q-suite harzburgite and the olivine of the Ni-rich dunite found near the Gladel River intrusion (Fig. 5) . Consequently, the dunite body appears to be a xenolith, genetically unrelated to the subalkaline Q-suite plutons.
Transitional Q-suite plutons
In contrast to the orthopyroxene-rich ultramafic intrusive rocks of the Hudson Bay Terrane and the southern Rivie' re Arnaud Terrane, the ultramafic rocks from the Lac Couture region (locality 3 in Fig. 1 ) of the north^central Rivie' re Arnaud Terrane contain no cumulus orthopyroxene and are only slightly (5 10 wt %) hypersthene-normative, straddling the feldspar^clinopyroxene join of the clinopyroxene^feldspathoid^feldspar^quartz þorthopyroxene normative diagram (Fig.2b) .
The most magnesian cumulate rocks in the Lac Couture region are weakly to moderately serpentinized dunite mesocumulates composed of olivine, chromite, and interstitial clinopyroxene (Fig. 3f) . The olivine is variably serpentinized and displays a large range in forsterite (Fo 0Á78^0Á84 ) and Ni contents (600^1600 ppm), but no detectable CaO (50Á01 wt %). Interstitial clinopyroxene has been extensively to completely replaced by compositionally heterogeneous magnesiohornblende (Leake et al., 1997 Major elements (wt %)
Trace elements (ppm) Major elements (wt %)
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Representative whole-rock major and trace element geochemical data from four study areas. Lithology abbreviations: dun., dunite; gabnor., gabbronorite; harz., harzburgite; hblite., hornblendite; perid., peridotite; web., websterite; (bt.) weh., (biotite) wehrlite. Complete dataset is provided in Supplementary Data Electronic Appendices 1-8.
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Study area as defined in Fig. 1 , and UTM zone in which sample was collected. All locations are in NAD27 UTM coordinates. significantly contribute to the relatively high FeO TOT concentrations and low whole-rock Mg-numbers (0Á75^0Á84) of the dunites. The dunites define a linear (Mg þ Fe)/Ti vs Si/Ti array, with a slope of 1Á97 (R 2 ¼ 0Á999), indicating that their compositional variation can be accounted for by olivine accumulation (Russell & Nicholls, 1988) . One pervasively serpentinized dunite sample (C1-14) is anomalously FeO-poor (12Á4 wt %; Mg-number ¼ 0Á84; Fo $0Á85) and plots below the (Mg þ Fe)/Ti vs Si/Ti array defined by the other dunite samples. The sample contains veins of magnetite that are both relatively wide (40Á2 mm) and continuous, suggesting possible loss of Fe from the sample.
The wehrlites of the transitional plutons range from mesocumulates to orthocumulates and are substantially more altered than their associated dunites. The occurrence of orthopyroxene is limited to rare rims around olivine grains. The clinopyroxene of the wehrlites contains inclusions of Cr-rich spinel and is pervasively replaced by amphibole. The analyzed compositions of clinopyroxene are heterogeneous and strongly depleted in Fe [Mg/ (Mg þ Fe TOT ) ¼ 0Á86^0Á92] relative to the coexisting olivine (Fo 0Á74^0Á76 ). The normative proportions of clinopyroxene and olivine in the wehrlites vary substantially (cpx:ol $0Á7^3Á5), and these rocks define a linear array in Mg vs Fe space (Fig. 4b) A substantial proportion of rocks in the transitional Q-suite intrusions occur within compositionally heterogeneous domains that have experienced late ductile deformation, and are largely composed of amphibole with interstitial feldspar. These hornblendites lack igneous textures and are interpreted to be metamorphic equivalents of the Q-suite wehrlites based on their close spatial association and indistinguishable trace element profiles. The anomalous hypersthene-normative hornblendites display a negative correlation between normative hypersthene contents and (Na þ K)/Al ratios, suggesting that these samples may have experienced alkali losses.
Compared with the subalkaline Q-suite plutons, the transitional plutons contain relatively minor gabbro. The gabbros have been metamorphosed to an assemblage composed entirely of plagioclase and hornblende, with minor biotite, titanite, and oxides. These rocks have distinct metamorphic textures characterized by polygonal grain boundaries and a pronounced mineral lineation defined by aggregates of hornblende porphyroblasts.
The overall PM-normalized trace element abundances of the transitional Q-suite cumulate rocks are low and comparable with the abundances of the subalkaline Q-suite intrusions (Fig. 6) . The trace element patterns of the transitional Q-suite are characterized by pronounced depletions in HFSE, including negative Zr^Hf anomalies, relatively unfractionated HREE, and both mild enrichments and depletions in LREE relative to MREE. In contrast to the wehrlites and gabbros, which show Francis, 1985) for the Q-suite intrusions. Cation units are calculated by dividing the wt % oxide value by molecular weight, multiplying by the number of cations in oxide formula, and recasting to 100%. Lines radiating from the origin are isopleths for the Fo content of olivine coexisting with liquids for which Fe and Mg contents are specified by the graph coordinates, adjusted to Fe 3þ /Fe TOT ¼ 0Á05. Accumulation of ferromagnesian minerals shifts the bulk-rock composition to a higher Mg content, above the parental magma isopleth. (a) Subalkaline Q-suite intrusions. (b) Transitional Q-suite intrusions. Analyses of olivine AE orthopyroxene, along with the lines of stoichiometric mineral compositions, are also shown as small symbols with grey outlines. Clinopyroxene compositions have been modified by extensive subsolidus exsolution of Cr-and Fe-rich spinel ( Fig. 3c and g ) and are consequently not plotted. Symbol as in SiO 2 38Á9 AE 0Á3 3 9 Á2 AE 0Á1 3 9 Á1 AE 0Á0 3 9 Á4 AE 0Á7 3 9 Á7 AE 0Á4 38Á8 AE 0Á4 3 9 Á3 AE 0Á4 3 8 Á9 AE 0Á4 3 8 Á7 AE 0Á5 38Á5 AE 0Á2 38Á8 AE 0Á1 SiO 2 39Á6 AE 0Á3 3 9 Á4 AE 0Á3 3 9 Á5 AE 0Á4 3 9 Á5 AE 0Á3 3 8 Á9 AE 0Á2 3 8 Á9 AE 0Á3 3 8 Á4 AE 0Á5 3 8 Á1 AE 0Á2 3 8 Á5 AE 0Á2 3 8 Á8 AE 0Á3 ] to the subalkaline Q-suite plutons, the dunites of the transitional Q-suite intrusions have smaller Ti depletions (Ti/Ti* ¼ 0Á6^0Á8). With the exception of Ti, however, the degree of HFSE depletion is independent of the rock type. Although some exceptions exist, there is a general increase in the LREE/MREE ratios from dunites to wehrlites to gabbros (Fig. 6) . A few of the most magnesian dunites and wehrlites display relatively flat to convex-upward PM-normalized LREE profiles (La/ Sm PM ¼ 0Á5^1Á2).
The transitional Q-suite intrusions of the north^central Ungava craton exhibit the following crystallization sequence: olivine AE Cr-spinel, clinopyroxene, plagioclase, and ulvo« spinel. Amphibole is interpreted to originate both from sub-solidus reactions between the hydrous interstitial melt and clinopyroxene, and as a result of localized amphibolite-facies metamorphic overprinting. The wholerock (Mg-number 0Á82) and analyzed olivine compositions (Fo 0Á84) of the dunites suggest that they accumulated from a unusually Fe-rich picritic parental magma with a Mg-number of 0Á61 that was saturated only in olivine and Cr-rich spinel.
Isotope systematics of the Q-suite intrusions
The Q-suite intrusions were analyzed for Nd and Hf isotopes with the goals of gaining insight into the mantle source of their parental magmas and assessing the role of crustal contamination in their trace element chemistry (Tables 3 and 4 ). The initial neodymium isotopic ratios Barnes, 1986) on initial olivine (Fo 0Á84 , Ni ¼1550 ppm) for trapped liquid fractions of 0Á1^0Á5. Also plotted are olivine compositions in the highly refractory dunite samples found near the Gladel River intrusion (Area 1). The origin of the samples is uncertain, but fractional crystallization modelling (fine dotted line) suggests that they are not cumulates derived from more primitive Q-suite magmas. Fractional crystallization, in 10% increments (small black circles) was modelled from a parental magma with an assumed MgO concentration of 20 wt % in equilibrium with olivine from dunite GR3-1 (Fo $91, Ni $3400 ppm). Regardless of the assumed parental MgO content, the modeled olivine compositions never attain the Fo and Ni content of the Q-suite olivines. The crustal residence age (T CR ) of Goldstein et al. (1984 of the Q-suite intrusions (calculated at $2Á72 Ga) show a large scatter (Fig. 7a and c Fig. 7b and d) Terrane. The analyzed granitic country rocks from the Hudson Bay Terrane have near-chondritic to unradiogenic e Nd values at $2Á72 Ga (^1 to^10) that are on average significantly lower than those of the granitic rocks of the Rivie' re Arnaud Terrane [e Nd (2Á72 Ga) ¼ þ0Á5 to^3] to the east. As a result, the calculated crustal residence model ages (Goldstein et al., 1984) of the TTG-and GGMseries granitic rocks from the Hudson Bay Terrane (3Á03 Á85 Ga) are older than the model ages of the granitoids from the Rivie' re Arnaud Terrane (3Á0^3Á3 Ga), consistent with the results of Boily et al. (2009) . In contrast to the TTG-and GGM-series rocks, the pyroxene-bearing granitoid rocks in the Hudson Bay Terrane have relatively high e Nd values ($^2), consistent with a significant juvenile component (Milidragovic & Francis, 2014) .
Although the initial 176 Hf/ 177 Hf ratios of the Q-suite intrusive rocks seem independent of both their geographical location and degree of silica saturation (Fig. 7) , the initial 176 Hf/ 177 Hf ratios of the samples from the western Hudson Bay Terrane are negatively correlated with the initial 143 Nd/ 144 Nd ratios (Fig. 8 ). This trend, perpendicular to the Terrestrial Array (Vervoort et al., 2011) , extends to strongly radiogenic e Hf (2Á72 Ga) ($þ7) and unradiogenic e Nd (2Á72 Ga) values ($^10). A negative correlation of the Nd and Hf isotopic systems has previously been attributed to crustal anatexis in the presence of residual zircon and oxide minerals (Schmitz et al., 2004) .
D I S C U S S I O N Major element composition of the Q-suite primary magmas
The Q-suite intrusions are cumulate bodies emplaced at middle crustal levels during the peak igneous activity of the Ungava craton. Their compositions therefore probably reflect a complex interplay between the physical sorting of liquidus phases, the amount of trapped melt, and reequilibration of cumulus minerals with evolving residual liquids. Furthermore, the low initial 143 Nd/ 144 Nd ratios of the samples from the Hudson Bay Terrane, approaching those of the surrounding granitoids, and the elevated Th/Yb ratios (0Á2^7; Pearce, 2008) , indicate that the Q-suite intrusions have been contaminated by the felsic crust into which they were emplaced (Pearce, 2008) , complicating the characterization of their parental liquids.
We reconstructed the major element compositions of the subalkaline and transitional magmas (Table 5 ; Fig. 9 ) Fig. 8 . e Hf vs e Nd (2Á72 Ga) for the rocks analyzed in this study. The Terrestrial Isotopic Array (e Hf ¼ 1Á55e Nd þ1Á21) is from Vervoort et al. (2011) . Also shown are the isotopic compositions of a bulk granite (black square), its constituent zircon (white square with black pattern), and the zircon-free fraction (black square with white pattern), calculated at 2Á72 Ga, andassumedto have separated froma depleted mantle reservoir at 3Á8 Ga. The model bulk granite has average continental crust abundances of Hf and Nd (5Á3 ppm and 27 ppm; Rudnick & Gao, 2003) , and 176 Lu/ 177 Hf (0Á015; Griffin et al., 2004) and Sm/Nd (0Á115; Goldstein et al., 1984) ratios. The crystallized granite was assumed to contain 0Á5 wt % zircon. D i Zir values of 997, 333, 4Á77, and 5Á16 were used for Hf, Lu, Nd, and Sm, respectively (Fujimaki,1986) 
Fo meas. 83Á5 7 7 Á7 -8 2 Á4
*Primitive parental magma composition calculated by adding olivine to the C1-15 melt composition, using PRIMELT2.EXE (Herzberg & Asimow, 2008) .
parental to the olivine^orthopyroxene cumulates from the western Hudson Bay Terrane and the dunites from the Lac Couture region using the alphaMELTS software package (Ghiorso & Sack, 1995; Smith & Asimow, 2005) and the procedure described by Milidragovic & Francis (2014) . The modeling is based on the premise that the bulk compositions of Q-suite harzburgites and dunites reflect the sum of cumulus minerals (olivine þ Cr-spinel AE orthopyroxene) and trapped melt components that were in thermodynamic equilibrium at the time of system closure, and on the assumption that the measured compositions of cumulus olivine do not reflect significant sub-solidus re-equilibration. Consequently, a unique temperature exists at which the components forming the bulk cumulate (liquid and mineral phases) match the petrographic observations and measured mineral compositions. We modeled isobaric (500 MPa) melting of the most magnesian peridotites in increments of 18C and calculated the major element compositions of the melt and residual phases. The equilibrium melting calculations were performed from near-solidus temperatures until clinopyroxene was exhausted and the calculated mode and composition of the residual minerals and the Mg-number of the liquid agreed with (1) the observed mineral mode, (2) electron microprobe compositional data and (3) olivine^melt Fe^Mg partitioning (K D ¼ 0Á3; Roeder & Emslie, 1970) . The compositions of the calculated liquids at this point are taken to approximate the compositions of the magmas that produced the most primitive olivine cumulates of each pluton type. Fig. 9 . Mg vs Fe TOT cation plot for the Q-suite olivine AE orthopyroxene cumulates, constituent cumulus minerals, calculated Q-suite parental liquids, and their corresponding tie-lines. The numbered, bold dashed lines (1^3) are the complete (F ¼ 0Á1 to F ¼1) calculated melting trajectories for two subalkaline samples (DH08-7 and DH-08) and one transitional sample (C1-16). Points along each trajectory, in agreement with the measured mineral and bulk cumulate compositions, olivine^melt partitioning and observed whole-rock mode, approximate the parental magma compositions (see text for details). The numbered fine dashed lines (4 and 5) are fractional crystallization and equilibrium crystallization paths, respectively, for the transitional parental magma, modelled using alphaMELTS and assuming an H 2 O content of 1wt %. Simultaneous crystallization of transitional parental magma and assimilation of continental crust, assuming a starting TTG contaminant temperature of 8008C, is illustrated by the fine dashed line (6). Continuous fine light grey tie-lines are drawn between the cumulus minerals of sample DH08-7 (ol 60 :opx 20 ), the calculated liquid, and bulk harzburgite composition. The fine continuous dark grey arrow connects the calculated evolved liquid in equilibrium with Fo 78 (C1-15) to a more primitive composition in equilibrium with Fo 84 (C1-16), calculated using PRIMELT2 (Herzberg & Asimow, 2008) . Plotted for comparison are the Fe-tholeiite suite (yellow crosses; Maurice et al., 2009) and Archean ferropicrites of the Superior Province (red crosses; Stone et al., 1995; Goldstein & Francis, 2008; Kitayama & Francis, 2014 /Fe TOT ¼ 0Á07, and forms 17% of the harzburgite cumulate (olivine:orthopyroxene $6:1).
The Ni content of the calculated magma was estimated from the calculated MgO content and the observed olivine composition of sample DH08-7 using the empirical relationship D Ni ¼ (124Á8/MgO)^0Á9 (Hart & Davis, 1978) . The inferred Ni content of the liquid (140 ppm) is significantly lower than that of melts with a similar MgO content that have equilibrated with pyrolitic mantle ($250 ppm; Herzberg, 2011) . Inverse olivine fractionation (Fig. 10) using the program PRIMELT2.XLS (Herzberg & Asimow, 2008) demonstrates that the low Ni content of the subalkaline parental magma cannot be solely attributed to prior olivine fractionation from a primary liquid in equilibrium with a pyrolitic mantle. Thus, although some prior olivine fractionation may have occurred, the mantle source of the subalkaline Q-suite magma is inferred to be poor in Ni relative to model pyrolitic mantle.
The estimated major element composition of the subalkaline Q-suite parental magma is similar to the c. 2Á78 Ga supracrustal Fe-tholeiitic basalts in the Rivie' re Arnaud Terrane (Fig. 9) . The most primitive Fe-tholeiite lavas have $10 wt % MgO, $15 wt % Al 2 O 3 and $13Á5 wt % FeO TOT , and may be equivalent to the subalkaline Q-suite magmas. A genetic relationship between the Fe-tholeiitic metavolcanic rocks and the Q-suite intrusive suite would suggest that Fe-rich magmas were emplaced in both the Hudson Bay and the Rivie' re Arnaud terranes over a period of !80 Myr, consistent with the amalgamation of the two terranes prior to $2Á75 Ga (Boily et al., 2009) . (Herzberg & Asimow, 2008 ) was used to calculate the possible primary Q-suite magma compositions (bold black curves) by fractional addition of olivine to the estimated parental magmas of samples DH08-7 (subalkaline) and C1-16 and C1-15 (transitional). The fine curves are model primary melts of terrestrial mantle peridotite (dashed elliptical field) calculated for different melting modes and bulk compositions (Herzberg, 2011) . Measured olivine compositions from subalkaline and transitional Q-suite intrusions are plotted for comparison.
Transitional Q-suite magmas
In contrast to the parental magmas of the subalkaline plutons, the magmas of the most primitive transitional Q-suite intrusions were saturated only in olivine and Crrich spinel. AlphaMELTS equilibrium melting calculations at an fO 2 ¼ FMQ^2 on the least altered, highest Mg-number dunite (sample C1-16) from the Lac Couture region yield a weakly hypersthene-normative picritic (MgO $14 wt %; SiO 2 $46Á5 wt %) liquid that is Fe-rich (FeO TOT $17 wt %; Fe 3þ /Fe TOT ¼ 0Á05) and Al 2 O 3 -poor ($6Á5 wt %) compared with that calculated for the subalkaline intrusions. The calculated liquid is also high in CaO ($14 wt %) compared with the calculated subalkaline parental magma ($8Á5 wt %). Calculations under more oxidizing conditions generated liquid compositions strongly enriched in FeO TOT (!18 wt %), and in poor agreement (K Dcalc 0Á29) with the K D value of Roeder & Emslie (1970) . The analyzed olivine Ni contents ( 1600 ppm) suggest that the Ni content of the transitional parental magma was relatively low ($200 ppm). The model liquid composition requires the presence of 14% trapped liquid in the dunite cumulate, consistent with the combined estimated proportions of interstitial clinopyroxene and amphibole determined by least-squares fitting the whole-rock composition with the measured mineral compositions.
The composition of the evolved magma parental to the most Fe-rich dunite (sample C1-15; FeO TOT ¼19Á95 wt %; Mg-number ¼ 0Á75) was estimated by subtracting the observed olivine composition (Fo ¼ 77Á7 AE 0Á7) from the bulk dunite composition until the Mg-number of the remaining 'liquid' was in equilibrium with the measured olivine. The resulting liquid composition is an Fe-rich high-MgO basalt (FeO TOT $17 wt %; MgO $9Á5 wt %) produced by $18% fractional crystallization of olivine from the parental ferropicrite.
The Ni contents ($200 ppm) of the calculated transitional Q-suite magmas are low in comparison with those expected of pyrolite-derived magmas with similar MgO contents ($350 ppm at 14 wt % MgO; Herzberg, 2011) . There is no evidence of early sulfide crystallization and prior high-pressure fractionation of olivine from primary pyrolite melts cannot account for the anomalously low Ni content of the estimated transitional parental liquid (Fig. 10) . Consequently, the mantle source of the transitional Q-suite magma, like that of the subalkaline Q-suite magma, is interpreted to be Ni-poor relative to the pyrolitic mantle.
The origin of the 'calc-alkaline' trace element signature of the Q-suite intrusions
The effects of crystal accumulation complicate the interpretation of the trace element systematics of the Q-suite parental magmas. Rocks that have accumulated mafic minerals display lower LREE/MREE ratios than the liquids from which they formed. In addition, late infiltration of small volumes of trace element-enriched anatectic melts following crystal accumulation acts to magnify the crustal contamination signature. The ubiquitous late pegmatitic veins and intrusions, characteristic of the Q-suite plutons, suggest that post-emplacement contamination by LREEenriched, HFSE-depleted crustal melts is likely. The significantly lower initial 143 Nd/ 144 Nd ratios of the mafic Q-suite samples from the western Hudson Bay Terrane [e Nd (2Á72 Ga) !^10], compared with the spatially associated pyroxene-granitoid hybrids [e Nd (2Á72 Ga) $^2], provide further evidence for open-system behavior, in which a crustal component may have been introduced following crystallization.
Subalkaline Q-suite magmas
Trace element calculations (Table 6 ) using two subalkaline Q-suite harzburgite compositions, assuming closed-system crystal accumulation and using the parental liquid reconstruction method of Be¤ dard (1994), suggest a parental magma strongly enriched in LREE relative to MREE (La/Gd PM ! 6), with weakly fractionated MREE/HREE ratios (Gd/Yb PM ! 2) and strong relative depletions in Nb, Ta, and Ti (Nb/La PM 0Á2; Ti/Ti* 0Á3; Fig. 11a) . Simulation of the assimilation of bulk granodiorite (sample DH-15), or its low-degree partial melts (F ¼ 0Á050 Á30), by a weakly fractionated Fe-rich primitive basalt (MgO $9 wt %) from the Duquet greenstone belt of north^central Ungava (sample CM02-2506; Maurice et al., 2009) suggest that the observed 'calc-alkaline' signatures of the Q-suite plutons cannot be produced through crustal contamination of tholeiitic parental magmas. The measured cumulate compositions are, however, dramatically enriched by in situ addition of small amounts of anatectic melt following accumulation (Fig. 11b) . The parental liquid of a Q-suite harzburgite, adjusted for the presence of 3% infiltrated crustal melt and calculated using the method of Be¤ dard (1994), has a weakly fractionated trace element profile (La/Gd PM $3; Nb/La PM $4). The calculated profile is similar to those of the LREE-enriched metavolcanic rocks of the Ungava craton, which were interpreted by Maurice et al. (2009) to be crustally contaminated Mg-and Fe-tholeiites. Although the addition of a 3% crustal component to the parental harzburgite liquid could have produced the rims of orthopyroxene observed around olivine through peritectic reaction, its effect on the calculated major element composition of the parental liquid is relatively small. The retention of zircon in the source of the contaminant crustal melts may explain the negatively correlated initial e Nd (2Á72 Ga) and e Hf (2Á72 Ga) values of the Q-suite intrusions from the Western Hudson Bay Terrane. Prolonged crustal residence ( 1Á5 Gyr; O'Neil et al., 2008; Boily et al., 2009 ; this study) would impart a strong fractionation between the Nd and Hf isotopes in the different mineral phases of the TTG (Fig. 8) . Selective contamination by anatectic melts that have left residual zircon in their source may have given the Q-suite plutons of the isotopically old Hudson Bay Terrane their unradiogenic 143 Nd/ 144 Nd and corresponding radiogenic 176 Hf/ 177 Hf ratios. Furthermore, such a selective contamination scenario is consistent with the pronounced negative Zr^Hf anomalies that are characteristic of the subalkaline Q-suite plutons as a whole.
The preceding arguments indicate that the 'arc-like' trace element signature of the calculated parental magmas of the subalkaline Q-suite plutons cannot be unequivocally interpreted as a source-enrichment feature as many of the trace elements of the Q-suite cumulates are highly sensitive to contamination by low-degree anatectic melts. Our calculations suggest that the Q-suite harzburgites may have crystallized from relatively unfractionated parental magmas that were modified by simultaneous fractional crystallization and assimilation of TTG crust as proposed by Maurice et al. (2009) for the genesis of the LREE-enriched metavolcanic rocks. The TTG and their partial melts are, however, strongly depleted in HREE (Yb PM(TTG) ¼ 1Á4 þ 4Á1/^1Á2, based on 89 samples from the Que¤ bec Government's E-sige¤ om database; Milidragovic & Francis, 2014) and therefore ineffective in modifying the relatively unfractionated HREE profiles of the subalkaline Q-suite plutons (Fig. 11b) . The calculated HREE concentrations of the subalkaline Q-suite parental magmas (Yb PM $3) are, therefore, thought to be representative of their primary magmatic values. The subalkaline Q-suite parental magmas are depleted in HREE relative to MORB (Yb PM(MORB) ¼ 6Á6).The relatively flat HREE profiles (Gd/Yb PM $1Á6), however, indicate that the primary subalkaline Q-suite magmas did not equilibrate with a garnet-bearing residue, suggesting either derivation from relatively shallow mantle depths or complete exhaustion of garnet from the mantle source. Furthermore, the absolute abundance of HREE in the subalkaline Q-suite magmas is similar to those of Neoarchean komatiites (Fig. 11a) within the eastern Ungava craton (Maurice et al., 2003) , supporting derivation by relatively large degrees of mantle melting.
Transitional Q-suite magmas
The trace element composition of the ferropicritic magmas parental to the transitional Q-suite intrusions was 
TMF, trapped melt fraction.
estimated for two dunite samples and one wehrlite. Although the low HREE abundances (Yb PM ¼1^6), weakly fractionated MREE/HREE (Gd/Yb PM ¼ 2Á0^2Á5), and strongly depleted Nb^Ta (Nb/La PM 50Á4) are comparable with those calculated for the subalkaline parental magmas, the calculated transitional parental magmas have flat to convex-upward LREE (La/Gd PM ¼ 0Á8^1Á5) profiles (Fig. 11c ) that are not consistent with a primary 'calc-alkaline' signature. As in the case of the subalkaline Q-suite plutons, the relatively flat HREE profiles of the calculated transitional parental liquids suggest that the ferropicritic Q-suite magmas last equilibrated with a garnetfree mantle residue. The absolute concentrations of HREE in the calculated transitional parental magmas are similar to those estimated for the subalkaline parental magmas and resemble those of komatiites (Maurice et al., 2003 ], but less pronounced Ti depletions (Ti/Ti* ¼ 0Á5^0Á7) compared with the calculated subalkaline parental magmas. The origin of the pronounced Zr^Hf anomalies in the transitional Q-suite intrusions (Fig. 6 ) is puzzling. The early TTG-and the late GGM-series rocks sampled in the Lac Couture region (Fig. 11b) have U-shaped HREE patterns and positive Zr anomalies (Zr/Zr* ¼ 1Á3^2Á7), suggesting that they may represent zircon-bearing residues of crustal partial melting (Watson, 1979) or second-stage bulk melts of such residues. The widespread occurrence of inherited zircon cores in c. 2Á74^2Á70 Ga granites across the craton suggests that incomplete zircon dissolution during the reworking of the Ungava craton was common. It is therefore possible that the Zr^Hf depletion of the transitional Q-suite intrusions reflects contamination by LREE-enriched crustal melts that have left residual zircon in the TTG source. The composition of a TTG granodiorite (30% quartz, 60% plagioclase, 8% biotite, 1% magnetite, 1% zircon; sample DH-15 of Milidragovic & Francis, 2014) , proximal to the harzburgites, is shown by the grey line with white squares. A model binary mixture consisting of 80% high-MgO Fe-tholeiite (dashed black line with open crosses; Maurice et al., 2009 ) and 20% of the small-degree (5%) TTG partial melt is shown by the grey line with dark crosses. The green shaded field includes the compositions of five komatiites from the northeastern Ungava craton (Maurice et al., 2003) . (b) The effect of late-stage metasomatism by TTG anatectic melt (F ¼ 0Á05; dashed grey line with open squares). DH08-7, bulk harzburgite composition; DH08-7*, harzburgite composition corrected for post-accumulation addition of 3% melt; DH08-7 liquid, melt composition calculated from uncorrected harzburgite at TLF ¼ 0Á17, calculated using the method of Be¤ dard (1994); DH08-7* liquid, melt composition calculated from the corrected harzburgite composition. Shaded field indicates compositional range of LREE-enriched volcanic suite . (c) Black lines with circles indicate calculated concentrations from two dunites and one wehrlite. Also shown are the characteristic U-shaped MREE^HREE patterns of the nearby TTG and GGM granitoids. The komatiite field is the same as in (a).
The foregoing considerations indicate that the primary Q-suite magmas had low abundances of HREE and HFSE, possibly resembling those of komatiites, and were characterized by flat to LREE-depleted trace element profiles. The Q-suite magmas were contaminated, upon emplacement into the crust, by LREE-enriched anatectic melts.
Origin and source of the Q-suite magmas Although Fe-rich picritic magmas (FeO TOT 413Á0 wt %, MgO !12Á0 wt %) are uncommon they have been identified in the southern and western Superior (Green & Schulz, 1977; Stone et al., 1995; Goldstein & Francis, 2008; Kitayama & Francis, 2014) and Slave (Francis et al., 1999) provinces of North America, NW Russia (Hanski & Smolkin, 1995) , Namibia (Gibson et al., 2000) , Japan (Ichiyama et al., 2006) , and Antarctica (Heinonen & Luttinen, 2008 There is a general consensus that the high Fe contents of ferropicrite magmas cannot be produced by the melting of fertile lherzolitic mantle of pyrolitic composition (Hanski & Smolkin, 1995; Francis et al., 1999; Gibson et al., 2000; Tuff et al., 2005; Goldstein & Francis, 2008) . Furthermore, experimental data indicate that ferropicrite magmas cannot coexist with a mantle residue containing both olivine and garnet (Hanski & Smolkin, 1995; Stone et al., 1995; Tuff et al., 2005) . There are at present two classes of models for the petrogenesis of ferropicritic magmas. According to the first class of models (Hanski & Smolkin, 1995; Stone et al., 1995) , the low Al 2 O 3 contents, the enrichment in the incompatible elements, and fractionated REE ratios of ferropicrites reflect a two-stage evolution of an olivine-dominated peridotite source. During the first stage the mantle source undergoes melting, enrichment in compatible elements and depletion in Al 2 O 3 . A subsequent metasomatic enrichment event refertilizes the mantle and produces the observed enrichment in incompatible elements, Fe and Ti. A variant of this model, proposed by Goldstein & Francis (2008) , begins with an olivine flotation cumulate crystallizing from a deep magma ocean that is also undergoing garnet fractionation, depleting the residual liquid in Al 2 O 3 and HREE and lowering its Mgnumber. The second class of models posits that ferropicritic magmas are generated by the melting of garnet pyroxenite (e.g. HK-66; Kuno & Aoki, 1970) produced by hybridization of mantle peridotite and enriched subducted oceanic crust. The segregation of melt from an olivine-free source, composed of $75% eclogite and $25% peridotite, is proposed to provide an explanation for the high Ni (2509 00 ppm), low Al 2 O 3 (9 wt %) contents, and fractionated REE patterns of ferropicrites in Namibia (Tuff et al., 2005) . The relatively unfractionated HREE profiles indicate that the Q-suite parental magmas were not derived from garnet pyroxenite sources. Furthermore, the low Ni contents of the Q-suite plutons and their calculated parental liquids are consistent with olivine-dominated (D ol Ni \gg1) peridotitic mantle sources.
The Fe-rich character and coeval emplacement of subalkaline and transitional Q-suite intrusions suggest that their parental magmas may be genetically related. The two magmas, however, have markedly different CaO/Al 2 O 3 ratios and FeO concentrations that preclude a relationship through olivine-dominated crystal fractionation (Fig. 9) . Although the presence of peritectic orthopyroxene and greater relative enrichment in LREE (La/Sm PM ¼1Á5^4Á0) suggest that the most magnesian subalkaline intrusions have experienced greater crustal contamination than the transitional dunites (La/ Sm MORB ¼ 0Á5^3Á5), the large difference in Al 2 O 3 concentrations between the two parental magma types at relatively similar SiO 2 contents implies that the subalkaline Q-suite magma cannot be derived from the transitional Q-suite magma through coupled fractional crystallization and assimilation of continental crust.
Experimental constraints on the petrogenesis of the Q-suite magmas
Experimental melts of fertile Mg-rich peridotite (Takahashi & Kushiro, 1983; Baker & Stolper, 1994; Falloon et al., 1999) have FeO contents that are significantly lower than those of the Q-suite magmas and other Superior Province ferropicrites (Figs 9 and 12) . Goldstein & Francis (2008) argued that an iron-rich peridotite representative of the Martian mantle composition yields melts that better match the Fe contents of the Superior Province ferropicrites. For example, isobaric melts of the ordinary chondrite Homestead L5 (Mg-number ¼ 0Á77; Agee & Draper, 2004) at pressures of 4Á7^5 GPa are strongly enriched in FeO ($20^30 wt %) and MgO ($14^25 wt %). Low-pressure (1Á5 GPa) melts of DW-Mars spinel lherzolite (Mg-number ¼ 0Á75; Bertka & Holloway, 1994) have FeO (16^21wt %) and MgO (9^24 wt %) contents comparable with those of the Q-suite parental magmas. The FeO concentrations of DW-Mars melting experiments at $11 and 14 wt % MgO, however, are $2Á5 wt % higher than those of the Q-suite parental magmas, indicating that the mantle source regions of the Q-suite magmas were less Fe-enriched than DW-Mars. The maximum Mg-number of the peridotite source of the Q-suite parental magma may be constrained by assuming a linear dependence between the FeO content of a liquid and the Mg-number of its peridotite source, at a given temperature. The calculated transitional and subalkaline Q-suite parental magmas, approximately lying on the 15008C and 13508C isotherms (Fig. 12) , respectively, suggest that the maximum Mg-number of their mantle source was 0Á79.
Low-degree melts of DW-Mars equilibrated with a lherzolitic assemblage have significantly higher Al 2 O 3 contents than high-degree melts in equilibrium with a harzburgitic residue, possibly explaining the large difference in Al 2 O 3 content between the subalkaline and transitional Q-suite parental magmas (8^11wt %; Fig. 13 ). In contrast to the melts of DW-Mars that also display a decrease in CaO concentration with increased degrees of melting, the CaO content (5 14 wt %) of the transitional Q-suite parental magma is higher than that of the subalkaline parental magma ($8Á5 wt %). There are two plausible reasons for the high CaO content of the calculated transitional parental magmas. The high CaO concentration may be an artefact of our method for reconstructing parental liquid compositions from bulk chemical analyses of cumulate rocks, which assumes closed-system behavior with no metasomatic effects or movement of interstitial liquid. Alternatively, the high CaO content may reflect the mineralogy of the Fe-rich source. Bertka & Holloway (1994) noted that the solidus clinopyroxene phase in the DWMars mantle at 1Á5 GPa is pigeonite, which buffers the CaO content of the melt at lower concentrations than Fig. 9 ) with experimental melt compositions of fertile lherzolite MM3 at 1Á0^1Á5 GPa (Baker & Stolper, 1994; Falloon et al., 1999) , fertile lherzolite HK66 (Kushiro et al., 1968) at 0Á5^3Á5 GPa (Takahashi & Kushiro, 1983) , ordinary chondrite Homestead L5 at 4Á7^5Á0 GPa (HL5; Agee & Draper, 2004) and Fe-rich spinel lherzolite DW-Mars (Dreibus & Wanke, 1985) at 1Á0^4Á5 GPa (Bertka & Holloway, 1994; Matsukage et al., 2013) . The gently sloping lines are isotherms calculated for P ¼ 5 GPa (Putirka et al., 2007) using the anhydrous composition of the transitional Q-suite parental magma. The light grey 'sail'-shaped field [calculated after Langmuir & Hanson (1980) assuming a constant olivine^liquid K D of 0Á30] encloses liquid compositions that may coexist with a mantle having the composition of the ordinary chondrite HL5. Dashed contours indicate the melt compositions at fixed intervals of melting (F ¼ 0Á2^0Á7). Adiabatic (batch) melt compositions calculated using alphaMELTS (Ghiorso et al., 2002; Smith & Asimow, 2005) for parcels of HL5 that begin melting at 3Á5, 2Á0 and 1Á5 GPa and terminate at 1Á0 Ga are also shown (diamonds with bold borders). The petrogenesis of the Q-suite magmas
The compositional differences between the subalkaline and transitional Q-suite parental magmas may reflect (1) If the Ungava sub-cratonic lithospheric mantle was characterized by relatively uniform geothermal gradients during the Neoarchean, the difference in the FeO and Al 2 O 3 contents between the subalkaline and transitional Q-suite magmas implies different Mg/Fe ratios and Al 2 O 3 contents of their mantle source regions. Assuming that the more magnesian transitional parental magma approaches a primary melt composition, the primary subalkaline Q-suite magma with an equal liquidus temperature ($15008C; Fig. 12 ), calculated by adding olivine, would contain $15 wt % MgO, $13 wt % Al 2 O 3 and $14 wt % FeO TOT .
Mixing of ferropicritic and tholeiitic magmas has been proposed to explain the Fe-rich metabasalts at the top of the Pulpwood^Playters Harbours Assemblage in the western Superior Province (Kitayama & Francis, 2014) . Furthermore, the close spatial and temporal association of Neoarchean ferropicrites with komatiites and tholeiitic and calc-alkaline basalts in the southern and western Superior Province (Stone et al., 1987; Goldstein & Francis, 2008) indicates near-synchronous emplacement of magmas derived from sources with fundamentally different Fe contents. It is possible, therefore, that the transitional ferropicritic liquids mixed with subalkaline Fe-poor magmas during their emplacement. In the case of the Q-suite plutons, however, such mixing is inconsistent with the relatively high Al 2 O 3 contents of the subalkaline Q-suite parental magmas, which are indistinguishable from the Al 2 O 3 contents of the Ungava craton Mgtholeiites .
In a common source scenario, relatively low-degree melting of an iron-rich mantle source would produce an Fe-rich, high-Mg basaltic liquid in equilibrium with a garnet-free lherzolitic assemblage. Larger degree melting of an Fe-enriched source to the point of clinopyroxene exhaustion would yield ferropicritic melts in equilibrium with a garnet-free harzburgitic assemblage, which are rich in CaO, MgO and FeO TOT . A mantle source with an initial Fe/Mg ratio intermediate between the ordinary chondrite Homestead L5 (Mg-number ¼ 0Á77) and garnet-pyroxenite HK-66 (Mg-number ¼ 0Á85) is required to provide melts of comparable Mg and Fe contents to the Q-suite magmas (Fig. 12) . If the transitional and subalkaline Q-suite magmas were derived from a common source, then the differences in their compositions must reflect variable degrees of adiabatic decompression melting at upper mantle pressures. The larger degree of melting necessary for the genesis of the transitional magmas requires a longer interval of melting and suggests that melting initiated at a greater depth than that for the subalkaline magmas. Such a geodynamic scenario requires the existence of mantle domains with different potential temperatures. Alternatively, more extensive melting might have been attained underneath relatively thin lithosphere, which permits melting to continue to shallower levels.
Liquids generated through adiabatic decompression become progressively more depleted in FeO, while undergoing only a slight decrease in MgO (Langmuir & Hanson, 1980; Francis et al., 1981) , defining shallow positive slopes in MgO vs FeO diagrams. If the Q-suite magmas were derived from a common mantle source, the higher MgO contents of the transitional Q-suite ferropicrites (Fig. 12 ) suggest that they originate at greater pressures than the Fe-rich basalts parental to the subalkaline Q-suite intrusions (Langmuir & Hanson, 1980) . Goldstein & Francis (2008) argued that at pressures greater than $5 GPa ferropicritic liquids become negatively buoyant relative to the surrounding pyrolitic mantle, constraining the maximum depth of ferropicrite generation to $150 km. Near-solidus experimental melts of ordinary chondrite Homestead L5 at $5 GPa contain $14 wt % MgO, comparable with that of the estimated transitional parental magma. The amount of melting required to generate the FeO contents of the transitional Q-suite parental magma is dependent on the exact FeO content of the source, but an upper limit of $40% (Fig. 12) is set by the melting grid calculated for Homestead L5 (Langmuir & Hanson, 1980) . The $1508C temperature difference between the subalkaline and transitional parental liquids calculated at the same pressure ($5 GPa) corresponds to $45 km difference in average melting depth, assuming a $1108C per GPa P^T gradient (Green & Liebermann, 1976) of the dry pyrolitic solidus. Consequently, the lower MgO and FeO contents of the subalkaline Q-suite magmas may reflect lower degrees of adiabatic melting (10^20%) of a mantle source similar in composition to that of the transitional Q-suite magma, initiated at pressure of $3Á5 GPa. The modal proportion of garnet in As a result of their higher density, the Fe-rich melts were mechanically immiscible with the Fe-poor magmas, pooling at the base of the mafic underplate underlying the Ungava crust (Fig. 14) . In this scenario, the komatiitic and Mg-tholeiitic magmas (Maurice et al., 2003 , which resided at the top of the melt column underneath the Ungava proto-craton, were the dominant manifestation of the Neoarchean mantle 'overturn' event. These magmas probably supplied large amounts of heat to the Ungava proto-craton, leading to its gradual 'softening' Milidragovic & Francis, 2014) . The first ironrich magmas reached the Ungava crust c. 2Á78 Ga, while it was still relatively cool and anatexis and contamination were minor . By 2Á72 Ga, however, virtually all mantle melts at the base of the Ungava craton were Fe-rich and the crustal rocks became partially molten. Later Fe-rich magmas were extensively contaminated, yielding the LREE-rich volcanic suites and 'hybrid' pyroxene-granitoids Milidragovic & Francis, 2014) .
C O N C L U S I O N S
The intense igneous activity that led to the extensive remelting of the Ungava craton c. 2Á74^2Á72 Ga was accompanied by craton-wide emplacement of Fe-rich mafic to ultramafic plutons of the Q-suite. The Q-suite plutons are crystal cumulates produced by mantle-derived melts that ranged in composition from transitional ferropicrites to subalkaline, Fe-rich high-Mg basalts. The estimated major Fig. 14. Schematic sections illustrating the Neoarchean evolution of the Ungava craton, between 42Á78 and 2Á70 Ga. (a) Extensive mantle melting during the Neoarchean (42Á78 Ga) produces a mafic underplate below the proto-Ungava craton, composed of the less dense Fe-poor komatiites and tholeiites at the top of the melt column and the more dense Fe-rich tholeiites and picrites at its base. The less dense Mg-rich lavas are preferentially tapped and progressively emplaced into the low-K TTG-dominated crust between $2Á88 and $2Á78 Ga . (b) At $2Á78 Ga the first Fe-rich lavas from the base of the underplate are tapped and emplaced as parts of the supracrustal succession of the Rivie' re Arnaud Terrane (not shown in the figure). After $2Á72 Ga all of the melts are Fe-rich and result in the emplacement of craton-wide Q-suite magmas, marking the final episode of mafic magmatism and the terminal cratonization event. The heating of the proto-craton (by conduction, advection and latent heat of crystallization) leads to partial melting of the crust ( 2Á74 Ga), resulting in the formation of the high-K GGM granitoid suite. The mafic melts emplaced during the 2Á74^2Á70 Ga interval are extensively contaminated, resulting in the LREE-enriched volcanic , and the pyroxene-granitoid plutonic (Milidragovic & Francis, 2014) suites.
element composition of the Q-suite parental magmas indicates that they were derived by partial melting of Fe-rich sources at upper mantle pressures ( 5 GPa). The composition of the mantle source may have been similar to, but slightly less Fe-enriched than, the ordinary chondrite Homestead L5. If the subalkaline and transitional Q-suite magmas were derived from geochemically similar sources, their compositions must reflect a difference in depth and extent of melting. The smaller-degree subalkaline melts would have equilibrated with a lherzolitic residue. In contrast, the transitional Q-suite magmas may represent harzburgite-equilibrated melts, generated at greater average depth. Upon their emplacement into the crust, the Q-suite magmas were contaminated by crustal melts. Following crystal accumulation, the Q-suite plutons experienced late infiltration by pegmatitic dykes and veins, largely accounting for their apparent 'calc-alkaline' trace element signatures.
The synchronous emplacement of the c. 2Á72^2Á70 Ga Q-suite intrusions and reworking of the Ungava craton suggests that underplating by anomalously Fe-rich magmas may have been the terminal event in the cratonization of the Northeastern Superior Province. The presence of Fe-rich ultramafic rocks of similar age in the southern and western parts of the Superior Province suggests that the melting of Fe-rich mantle domains may have had an important role during the c. 2Á7 Ga period of maximum continental crust production and recycling.
